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A?

INTRODUCTION

The purpose of this study is to investigate effective means of
using cellulose-rich, economically important rubber wood as a raw
material for the pulp and paper industry.

Ninety nine percent of the

natural rubber produced in the world comes from the species Hevea
Brasiliensis.

It is estimated that 4,000,000,000 acres of rubber wood

are growing in Asia and the Far East alone.

Many scientists have been

interested in finding industrial application of rubber wood which is
now wasted during its replantation.
Factors which favor the use of rubber wood as a pulp raw material
are the large amount available, its ease of harvesting in sizes ap
proximating pulp wood billets, the time over which supplies are likely
to last, and its excellent papermaking characteristics.

The Sanyo

Pulp Company, Tokyo, Japan is producing dissolving pulp by using a
mixture of rubber wood and other Japanese hardwoods.

Unfortunately

the technology of production is secretive and not available to com
merce.

The inherent drawback of this wood as a raw material for pulp

and paper is its latex content which causes deposit problems in the
paper and the papermaking process.

Availability and Economic Significance of Rubberwood

The tapping of rubber trees for the production of natural rubber
starts at seven years of age, but after about 25-30 years the latex
yield of the tree diminishes.

These old trees must be regenerated

and usually the replantation has a rotation of about 3-4% of the total

1
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plantation area per year.

At present this fiber-rich material is dis

carded or burned by the planters.

It is also neglected by the pulp

industry as a raw material except by the Japanese.
It is estimated (1) that 600,000,000 cubic meters of rubber wood
are available from the plantations of Asia and the Far East.
enough for making 150,000,000 metric tons of paper.

This is

Spread over a 30

year cycle of replantation this means enough for an annual supply of
5,000,000 metric tons of paper.

However, it should be mentioned that

there are considerable problems in acquiring the wood from the small
estate holders and many other problems related to poor roads and means
of transportation.

The energy crisis in the developed countries may

cause increased production of natural rubber since synthetic rubber is
based on petrochemicals.

Therefore, more and more dependance on

natural rubber is expected.

This would cause a definite boost in the

plantation of new rubber trees for natural rubber.

If rubber trees

could be used for pulp and papermaking it would be an incentive to the
planter since he would benefit from the latex as well as from the tree
during its replantation.

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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HABIT AND HABITAT OF HEVEA (2-6)

Though there are several species in the Hevea genus, ninety nine
percent of the world's natural rubber production is confined to the
deciduous species Hevea Brasiliensis.

Rubber trees are tropical plants

and their healthy growth requires temperatures of 15°C - 40°C and 80120 inches of rain annually.

They will tolerate a wide range of soil

types and grow in an altitude range up to 800 meters.

The first

branching is generally found at a height of about 4 meters.

At the

times of replantation, at the age of 25-30 years, the tree has a
basal diameter of about 30 centimeters and a height of 8 meters.
bark is greyish white and has a thickness of 10-12 mm.

The

The wood is

creamy-white when fresh.

Latex Distribution in Hevea (2_-7)

The latex distribution in the rubber tree is of great
cance from the standpoint of pulping.

signifi

Most botanists have concentra

ted their study on the latex - rich cambium region of the rubber tree
but the presence of latex in the bole of the tree has not been well
documented.
The tree has articulated latex vessels which consist of longi
tudinal chains of cells in which the walls separating the individual
cells either remain intact or become perforated.

The perforation or

resorption of the end walls gives rise to latex containing elements
(laticifers) that are tube like and resemble xylem vessel segments.
A number of studies indicate that latex is distributed in all parts of

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

4

the tree (8-10) but almost all was believed to be located between the
inner bark and cambium region.

It was also found that a small but

evident amount of latex in the medullary rays and pith of the tree.
Though there are several publications regarding the latex system in
the bark and cambium region, very few specific studies have been made
on the latex distribution in the bole of the tree.

Several pulping

studies (which will be discussed later) have indicated that latex is
present in the bole of the tree because of problems of rubber accumu
lation encountered even though the bark and cambium had been carefully
removed.

However, Glymph (11) believes that there is no latex in the

bole of the tree.

Physical and Chemical Characteristics of Hevea

Rubber wood was analyzed for its physical and chemical properties
and the results are tabulated in Table I together with other hardwoods
for comparison.

It is evident that rubber wood has fiber properties

which are very similar to common hardwoods and bamboo.

Natural Rubber Latex and Its Properties

When considering the removal of latex from rubber wood chips
during cooking and bleaching operations, it is of interest to know its
properties and chemical composition.

When the tree is green, natural

rubber exists in the form of latex and when it is dried, it exists as
soft dried rubber.

Natural rubber is produced by the coagulation of

latex by electrolytes, usually with lower fatty acids.
the tree consists of 30 to 40% of dry rubber by weight.

The latex from
The latex

R eproduced with permission o f the copyright owner. Further reproduction prohibited without permission.
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Table 1
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A Comparison of Physical and Chemical Properties
Of Rubber Wood With Other Species

Further reproduction

Rubber Wood
(Hevea
Brasiliensis)

Aspen
(Populus
Tremuloids)

Bamboo
(Bamboosa
Arundinacea)

Eucalyptus
(Eucalyptus
Grandis)

Density g/cm

0.52

0.35

0.49

0.69

Fiber length mm

1.36

1.20

1.50

1.04

Physical

Chemical

prohibited without permission.

72.38

70.1

24.3

31.7

63.8

56.20

17.8

16.60

Holocellulose (chlorite)%

79.60

Lignin %

21.00

Alphacellulose %

53.60

Pentosan %

19.30

17.20

Ash %

1.15

0.40

3.26

0.45

Extractives,
Alcoholbenzene
Cold Water

5.40
4.45

1.90
1.50

1.58
4.36

5.02
4.28

Calcium %

0.300

0.068

0.092

Acid Insolubles %

0.016

2.50

0.180

Source:

16. 30

All data except for Aspen was obtained by the writer in earlier work. Aspen data is from
Rydholm, S., Pulping Processes, Interscience Publisher, New York, New York, 1965

cn
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particles are spherical in shape and have a size of .03 to 3 microns
in diameter.

Natural dry rubber has a density of 0.92 and a refrac

tive index of 1.52.
Natural rubber is composed essentially of a polymer of the hydro
carbon isoprene with repeating units of (C5H0).
- (CH~ - C = CH - CH-) ^
^ X
ch3
It has an average molecular weight of 200,000 - 500,000.

Rubber can

be vulcanized with sulphur into different compounds of various pro
perties.

The vulcanization of natural rubber into hard rubber is of

specific interest to this study and will be discussed later.

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

LITERATURE REVIEW ON RUBBER WOOD PULPING

Most of the pulping studies on rubber wood occurred in the
sixties (13,14) and since then the studies in utilization of rubber
wood have considerably increased.

The Rubber Research Institute of

Malaya has been actively interested in the utilization of rubber tree
as a raw material for pulp and papermaking.
In a study report to the FAO, (Food and Agricultural Organiza
tion), Peel (15) reported the potential use of rubber wood as a raw
material to the pulp industry.

He studied the physical and chemical

properties of rubber wood, fiber dimensions, and pulping of rubber
wood by sulphate and semichemical processes in laboratory scale ex
periments.

He experienced problems of latex depositions on the fi

ber after pulping.

However, he reported that pulp and papermaking

properties were good.

He suggested a thorough investigation on the

removal of latex from pulp slurry.

The discoloration of rubber wood

on storage was reported (15-17).
Nagoshi (17) in his study on rubber wood for dissolving pulp
reported that rubber wood can be used for making dissolving pulp.
He encountered the problem of latex in the viscose.

However, he

concluded that the smaller particles present in viscose were not a
major drawback.

He pulped rubber wood after careful removal of the

bark and cambium regions.

Similar studies were conducted by others

(18-19) and they experienced the same problem of latex in the pulp.
Guha and Negi (20) made pulping studies on stems and branches
of rubber trees by the sulphate process.

They were able to make good

7
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hand sheets.

No mention was made on the removal of latex on cooking,

or subsequent operations.

Therefore, the value of this study is

limited.
An extensive study report of Alaudin and others (19) to UNIDO,
the expert group meeting on pulp and paper, revealed several inter
esting results.

They studied the physical, morphological, and chemi

cal characteristics of rubber wood along with storage characteristics
and cooking.

Pulping experiments were performed with soda, sulphate,

neutral sulphite and semichemical (NNSC) processes.

With the soda

process the rubber was found in the form of a soft, tacky material
which was difficult to remove.

The sulphate and NSSC processes con

verted the latex into harder rubber particles, much of which could be
removed by screening.

Host of the latex could be separated after

passing the fiber through a 0.24 mm. screen followed by a finer
screen (0.15 mm).
In another experiment the bark and cambium regions were removed
by hand and the cleaned wood pulped.

Though reduced in quantity,

latex strands were still found in the cooked chips.

Therefore, it

was concluded that the latex was distributed not only in the bark and
cambium region, but also in the bole of the tree.
Pilot plant studies of rubber wood kraft pulping after the re
moval of bark resulted in the accumulation of latex during the
screening operation (19)♦

The pulp was further bleached in a hypo

chlorite - extraction - hypochlorite sequence and achieved an average
brightness of 78%.

The sulphate pulp produced in the pilot plant was

mixed with bleached kraft pulp (Pinus Merkusii) in a ratio of 88%

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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rubber wood pulp and 12% kraft pulp.

Mill scale paper production

trials were made on a paper machine and latex was found sticking to
the calender rolls.

Therefore, it should be concluded from these

studies that though the removal of latex was visually apparent in
screening, the later stage of the papermaking operation proved their
judgement to be wrong.

This was due to the fact that they did not

subject the pulp to microscopic examination or to any chemical test
ing for the presence of rubber.

The rubber particles are very small

and are readily masked by the fibers until they agglomerate into
larger particles or deposit on equipment surfaces.
Jayasingam (21) explains his experiences in using rubber wood in
mill scale operations.

About 24 tons of debarked and cambium-removed

rubber wood were cooked in batch digesters by the kraft process.

The

pulp was bleached by hypochlorite and used for a paper machine trial.
The trial was based on 100% rubber wood pulp for the production of
printing paper.

Though the paper produced was quite comparable with

other printing papers from other wood pulps, the mill operations had
to stop abruptly due to the latex sticking problems.

He reported

that the main problem was latex accumulation on the paper web, press
roll, and felt.

The author (22) had similar experience on a mill

scale trial.
Though the presence of latex is the main problem preventing
rubber wood from being used as a raw material, several patents have
been issued in rubber wood pulping and the removal of latex.

Saito

(23-24) obtained a few patents for the removal of latex by froth
flotation with the aid of surfactant.

Aschffenburger Zellstoffwerke

R eproduced with permission o f the copyright owner. Further reproduction prohibited without permission.
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of Germany (25) has obtained a few patents in the manufacture of news
print paper and pulp from rubber wood.

Their claim also includes the

production of cellulose for rayon and staple fibers.
methods described are sulphite and sulfate processes.

The cooking
Tijan (27) ob

tained a patent for the production of pulp from rubber wood by sul
phate or monosulphite processes.

The novelty of this patent was

limited to the use of rubber tree as a new raw material.

The basic

techniques used were normal kraft pulping and monosulphite pulping.
No mention was made in his patent on latex problems or latex removal.
A recent report of Stacey (1) to the UNIDO expert group meeting
described the pros and cons of rubber wood as a raw material for the
pulp and paper industry.

He pointed out that although latex particles

were held dispersed in highly alkaline conditions up to the stage of
brown stock washing on the vacuum filters, there was a pronounced
tendency of these particles to agglomerate into large masses and plug
the screens.

He also mentioned that the removal of these latex par

ticles was very difficult.

It was pointed out that the continuous

operations of the mill with pulp containing latex particles would
cause runnability problems such as plugging of wires, accumulation on
table rolls, press rolls, felts and on dryers, etc.
It is of interest to review the chemical reaction which could
occur during the pulping processes.

The latex in the rubber wood on

pulping is coagulated due to the presence of strong electrolytes in
the cooking liquor.

In the case of the sulphite and kraft process

it may be possible to have some cross linking of natural rubber with
sulphur at a high temperature.

The particles of rubber present in

R eproduced with permission o f the copyright owner. Further reproduction prohibited without permission.
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the pulp slurry may be modified or essentially changed but remain
rubber like.

Such particles on violent swirling and agitation in the

pulping and washing process may tend to agglomerate into larger
particles.

Though there was no experimental evidence for the above

mentioned, it is assumed that such an agglomeration is possible.

It

may also be possible that the metal surface, change in pH, temperature,
or ion concentration may cause deposition or plating on metallic sur
faces.

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

PRESENTATION OF THE PROBLEM

Though there are several publications on rubber wood pulping,
only the Japanese have been able to make pulp from rubber wood with
out latex accumulation problems.

When rubber wood is pulped the

latex present in the wood is distributed in the pulp slurry.

During

the subsequent processing of rubber wood pulp, the rubber particles
accumulate on the machinery such as screens, press rolls, web, etc..
Also there is a possibility of latex particles appearing in the paper
similar to pitch.

Due to these problems the utilization of rubber

wood as a raw material for pulping has been prohibited.

Therefore,

this study is an attempt to find an effective method for the utili
zation of this wood for pulp and papermaking.
It is also of great significance to know the latex distribution
in the tree.

Unfortunately, there is no confirmatory work on latex

distribution in rubber wood.

Therefore, an electron microscopy

study aimed to establish the distribution of latex in the rubber wood
is also included in this project.

12
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EXPERIM ENTA L D ES IG N

Electron Microscopic Investigation on Latex
Distribution in the Rubber Tree

As mentioned earlier, very little has been published on the
latex distribution in the bole of the tree.

Its location and de

tection is of significance from the pulping standpoint.

This study

will be confined to latex in the xylem, pith and medullary rays.
Scanning electron microscopic techniques would be most useful in
this regard and it is expected that electron photomicrographs can
show the latex cells or vessels if present in the bole of the tree.
The latex can be clearly differentiated from other parts of the wood
cells since the latex particles are spherical in shape.

Longitudinal,

transverse and radial sections of the bole of the tree will be
examined.

A separate photomicrograph of latex in the cambium region

will be taken for comparison.

Pulping of Rubber Wood After the Removal of Cambium

It is known that the latex vessels are mainly located in the
inner bark and cambium region.

Therefore, pulping of rubber wood

after a careful removal of bark and cambium would be of interest.
Separate pulping studies will be conducted after careful hand re
moval of a few millimeters of wood, after the cambium layer.
this study the kraft pulping method will be used.

13
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Pulping of Rubber Wood

As described earlier, the presence of latex in the tree prevents
its use as pulp wood.

This study is aimed at hardening the rubber

latex during the cooking stage.

Such a hardened rubber would not be

tacky and may be removable by screening and centricleaning of the
stock.

Furthermore it may not be harmful if the hardened rubber is

left in the slurry since it would remain dispersed.
It is well known that rubber can be vulcanized in the presence
of sulphur at a high temperature.

Vulcanization produces profound

changes in the properties of natural rubber.

Vulcanization is due to

the cross-linking of isoprene units with sulphur.

With natural rubber

this cross-linking of sulphur results in one sulfur atom adding to
each double bond of isoprene units and forms (C^HgS)^ which corres
ponds to 32-33% combined sulphur.

This type of vulcanized rubber is

called "ebonite" or hard rubber (28-29-30).

If natural rubber is

vulcanized with sulphur (1.0 to 3.5 parts) at a relatively low tem
perature it forms an entirely different type of rubber which is
tacky in nature and melts at high temperatures.
tle and has no sticking properties.

Hard rubber is brit

The ideal temperatures for this

reaction to form hard rubber is about 155-160°C (31-32).

Certain

types of accelerators help the vulcanization into hard rubber.

Most

commonly used ones are butyraldehyde-aniline"^ with MgO which favors

Butyraldehyde-aniline - Trade name Beutine, marketed by
Uniroyal, Inc.
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the reaction.

Zinc oxide also helps the reaction.

The function of

accelerators Is to increase the rate of reaction so that more sulphur
can be combined.

In practice three to four percent of ZnO or MgO

based on rubber is added.

In the case of organic accelerators one

percent is added based on rubber.
Pulping studies will be conducted by cooking rubber wood with
white liquor enriched with free sulphur and rubber hardening accelera
tors such as Beutine and MgO.

Hereafter this process will be refer

red to as the "RH Kraft Process" meaning rubber hardening kraft pro
cess.

As a control, pulping studies will be conducted with RH kraft

liquor in the absence of rubber hardening accelerators.

Hereafter

this process will be referred to as the "SE Kraft Process" meaning
free sulphur enriched kraft process.

It is hypothesized that the

free sulphur and the accelerators present in the RH kraft liquor
will vulcanize the rubber into hard rubber.
Regular kraft pulping of rubber wood will be conducted for com
parative purposes.

It is also planned to study the effect of accel

erators in kraft liquor in vulcanizing the rubber into hard rubber.
In the kraft process the hardening of rubber may not be expected
since the sulphur in the white liquor is in the form of hydrosulphide
ions.
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E XPER IM EN TA L

Sample for Experiments

The rubber wood was obtained from a plantation in Kerala, India.
This particular wood sample is known as TJR-1 Colone, a high yielding
variety of rubber tree, and belongs to the species Hevea Brasiliensis.
The tree was 25 years old at the

time of extraction.

It had an

approximate trunk diameter of 12" and was grown at an elevation of
about 200 ft. above sea level.

The first sample was cut six inches

above the ground and measured 2 ft. in length.
quent samples were cut at one foot intervals.

Thereafter subse
Immediatedly after

cutting the sample, the cut edges were coated with wax to avoid
drainage of latex from the sample.

The samples were then sealed in

plastic bags and air lifted on the same day, arriving for research
within a week.

The wood sample was preserved in a cold room at 5°C

to avoid possible fungus growth.

Scanning Electron Microscopic Investigation

An electron microscopic study on the latex distribution in the
rubber tree was conducted.
from the green tree.

The wood sample for the study was taken

Different portions of the wood such as the

cambium region, bole, and pith of the tree were under investigation.
Transverse sections of cambium, tangential, transverse, and radial
sections of the bole and pith sections of the tree were studied by
use of a scanning electron microscope.

To differentiate the bole of

16
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the tree from the cambium region, the bole portion was cut after eight
annual rings from the cambium region.

The wood chip samples were pre

pared by cutting on a microtome using the utmost care to avoid any in
trusion of latex into the wood sample.

Also care was taken to keep

the microtomed surface free from dust.

The sample was not treated with

any solvent.

The chip samples were cut into approximately 1 mm squares.

The gold shadowing method was used for making the samples electron con
ductive.

The samples were completely scanned at various magnifications

and suitable photographs taken.

Later prints were made from the ne

gatives with further magnification of 2.6 times.

Infrared Spectroscopy

Infrared spectroscopy of natural rubber gives a characteristic
spectrum.

Therefore infrared spectroscopic analysis of the rubber

wood with cambium and without cambium was carried out on a toluene ex
tract to support the electron microscopic findings.

Pulp samples from

the regular kraft process and the RH kraft process were also studied
in the same manner.
The wood samples were ground in a Wiley Mill and the meal placed
in extraction thimbles.

The mouth of each thimble was covered with

filter paper to avoid the escape of small wood particles.

The ex

traction was carried out with toluene (spectroscopic grade) in a
soxhlet apparatus for 150 continuous hours to make sure that all the
rubber possible was extracted.

After the extraction, the excess sol

vent was evaporated off at 105°C.

The residue was redissolved in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

spectroscopic grade carbon disulphide.

A suitable amount of the ex

tractive in carbon disulphide was spread over a sodium chloride crystal
and then analyzed for its infrared spectrum.

A Beckman IR8 Infrared

Spectrophotometer was used for the analysis of the samples.

The in

frared spectrums were analyzed and compared with the standard spectrum
for natural rubber (see Table II, page 32 ).

Since the samples were

not preextracted with other solvents, there was a possibility of conta
mination of other wood resins and small amounts of lignin.

However,

preextraction of the wood was not done because of the possibility that
the resin soluble solvent could have modified the rubber or partially
dissolved it.

Chip Preparation for Cooking

The rubber wood was sawed into 0.5 inch thick discs and from that
chips were hand made by a chisel.
removal of the bark.

Most of the experiments required the

This was done by hand with utmost care to ensure

that the material was completely removed.

For certain experiments it

was necessary to remove the cambium from the wood.

In such cases the

chips were made after removing three annual rings from the outer side.
This was done to ensure that the cambium layer was completely removed.
The chips were of uniform size and dust was removed by seiving.

The

chips were made with a thickness of 0.5 cm and a length of 2.5 cm.

Cooking Liquor Preparation

The cooking liquor required for all the experiments was prepared in
quantity and stored.

The white liquor was made in the laboratory by
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mixing required amounts of sodium hydroxide, sodium sulphide, and
sodium carbonate.

The white liquor was then analyzed according to the

TAPPI method (T624).

The results are tabulated in Appendix I.

For

the SE kraft liquor a calculated amount of powdered sulphur was added
to the pre-analyzed white liquor.

This was then refluxed for several

hours until all the sulphur was completely dissolved in the liquor.
The SE kraft liquor with two, three, and five percent sulphur was pre
pared and stored separately.
RH kraft liquor was prepared by adding a calculated amount of
Beutine and MgO to SE kraft liquor.
prior to cooking.

These chemicals were added only

The amount of these chemicals required for each cook

was calculated based on the rubber present in the chips.

Since there

was no effective method for the estimation of rubber in the rubber wood,
it was arbitrarily fixed as one percent based on O.D. wood.
A very small quantity of Beutine (2% to 7% based on rubber) was
used.

Since the Beutine was not readily soluble in the SE kraft

liquor, it was stirred well and added to the digester before cooking.
For certain experiments natural rubber latex was deliberately
added to spruce wood chips and then cooked to study the effect of
Beutine in RH kraft liquor on the vulcanization of rubber.

The latex

for this study, a low-ammonia natural rubber with the trade name Hartex
X - 2B, was supplied by the Firestone Rubber Company.

The composition

of this latex is listed in Appendix II.

Pulping Experiments

Pulping experiments were carried out by the regular kraft process,
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SE kraft process, and the RH kraft process.

A few experiments were

also conducted with these processes after deliberately adding natural
latex to spruce wood chips before cooking.
All the cooking experiments were conducted on laboratory scale.
Bomb digesters with a capacity of 200 gm. O.D. chips were used.

The

digesters were heated in an oil bath after filling with chips and
chemicals.

The digesters were mechanically rotated and hence proper

mixing was obtained.
automatically.

The temperature of the oil bath was adjusted

At the end of the cook the bomb digesters were immersed

in water and cooled.

The cooked chips were then transferred to a

nylon bag and washed thoroughly to remove all the black liquor.

After

defibration with a Bauer disc refiner, all pulps were subjected to rub
ber tackiness tests.

Kraft Pulping

For different investigations, pulps were made from rubber wood
chips with bark, without bark, and with cambium removed.

The amount

of white liquor required was calculated on the basis of O.D. chips.
The permanganate number and yield were also determined.

Pulp from

the debarked wood chips was further bleached and the brightness mea
sured.

Another set of experiments was conducted by adding one and

three percent natural latex to spruce wood chips.
cooked as per the conditions given in Appendix III.

These chips were
The tackiness of

the rubber particles in the pulp slurry was studied by using different
tackiness test methods described later.
The effect of varying amounts of Beutine on kraft pulping was

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

21

studied.

Experiments were conducted on three percent latex treated

spruce chips to determine the effect of Beutine in kraft pulping.

The

cooking conditions were the same as in the case of debarked rubber wood.
The pulp was then subjected to tackiness tests and the latex particles
were physically examined.

Debarked rubber wood was also cooked with

white liquor containing varying amounts of Beutine as per the cooking
conditions in Appendix VII.

The pulp was then studied for tackiness.

SE Kraft Pulping

SE kraft cooking was carried out on debarked rubber wood chips
with varying amounts of sulphur containing SE kraft liquors (see
Appendix IV).
carried out.

The yield, permanganate number and tackiness tests were
A similar study was carried out on spruce wood chips

treated with natural latex (three percent based on wood) to determine
the tackiness of rubber on wire.

After cooking, the rubber particles

were carefully removed and examined for changes in physical properties
due to the cooking.

Rubber tackiness tests were also carried out.

RH Kraft Pulping

To study the vulcanization of natural rubber under pulping con
ditions, experiments were conducted by cooking spruce wood chips
treated with natural rubber latex.

A sufficient amount of latex was

deliberately added to the chips so that a sufficient quantity of rubber
could be collected from the pulp and examined for its hardness.

In

addition, the pulp slurry would contain a sufficient amount of rubber
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for the determination of its tackiness.
Pulping experiments were conducted on natural rubber latex-added
spruce wood chips to find out the amount of Beutine required to com
plete the vulcanization of rubber into hard rubber.

For this, varying

amounts of Beutine were added to the RH kraft cooking liquor.

The

spruce wood chips were cooked with this liquor under the same condi
tions given in Appendix V.

A few rubber particles from each experi

ment were collected and examined for their hardness.
also subjected to tackiness tests.

The pulps were

Similar cooking experiments were

conducted on debarked rubber wood with varying amounts of Beutine in
the RH kraft cooking liquor.
to tackiness tests.

The pulp in each experiment was subjected

A few particles were collected from the pulp and

their hardness examined.

Refining

After cooking the chips were refined in a Bauer disc refiner.
After refining, the pulp was washed in nylon bags until the wash water
was clean.

A portion of the refined stock was subjected to rubber

tackiness tests before screening.

Screening

All pulp samples were screened in a Valley laboratory flat screen
of 0.01 inch slot width.

The accepts were collected in a nylon bag,

dewatered, and the pulp yield determined.

The rejects were collected

and visually examined for rubber particles.
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Centricleaning

Centricleaning experiments were conducted in a laboratory 3 inch
diameter Bauer centricleaner.

The operating conditions were 0.5% con

sistency, 40 psi inlet pressure and 5 psi accept pressure.
Due to the insufficient quantity of rubber wood pulp, centri
cleaning experiments were not conducted on those samples.

However,

centricleaning studies were done on the latex-added chips cooked by the
RH Craft process.

Tackiness Tests

Since there was no effective laboratory method to show the problem
of rubber particles sticking on the wires, felts, and other parts of
the paper making machinery when rubber wood pulp was used for paper
making, it was necessary to devise a method to show this effect.
methods described below proved to give satisfactory results.

The

These

tests are based on the likelihood that when a wire mesh is continuously
rotated and in contact with rubber particles in a pulp slurry for a
sufficient length of time, at a particular temperature and speed, the
particles will tend to stick and accumulate on the wire due to their
tackiness.

The number of pores plugged in the wire would be dependent

on the tackiness or sticking property of the rubber particles and the
number of particles present in the slurry.

Since the rubber particles

have entirely different physical characteristics, they can be easily
distinguished from fibers.

Though this experiment is dependent on the

quantity and size of the rubber particles as well as the tackiness, it
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proved to be an adequate method for estimating the tackiness of the
rubber particles in a fiber slurry.
differ only slightly in principle.

Two methods were developed which
It should be kept in mind that

these methods cannot be used quantitatively to determine the amount of
rubber in the pulp slurry.

The Rotating Wire Cylinder Tackiness Tester (R.C. Method)

This apparatus consisted of a wire cylinder of mesh size 16,
welded together and fitted on a shaft.

The area of the wire cylinder

was 72 square inches and the height 6 inches.

The shaft was connected

to a Lightning stirrer motor and the speed controlled by a Variac at
30 r.p.m.

Three liters of pulp slurry at a consistency of one percent

was taken in a 5 liter stainless steel beaker.
then immersed in the slurry.
cylinder was rotating.

The wire cylinder was

The slurry was heated to 80°C while the

The rotation was continued for four hours at a

constant speed and the volume kept constant by addition of water.
Heating was then stopped and the slurry allowed to cool for another
two hours while stirring.

At the end of the experiment the wire cy

linder was disconnected from the stirrer and immersed in water.

It

was stirred gently until all the fibers were removed from the wire
mesh.

While the wire cylinder was wet, it was examined with a magni

fying glass and the rubber particles attached to the mesh were counted.
This number is referred to as the tack number.

This method was valuable

when there was a small quantity of sample available for testing.

The

method described above is related very similarly in principle to the
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running of a paper machine.

Several tons of pulp are passed over the

wire and other parts of the paper making machine where the rubber par
ticles can accumulate.

In this tester, however, the pulp slurry is kept

constant and the wire cylinder comes in contact with the particles
several times, thereby producing a similar effect.

The Jar and Wire Basket Test Method (J.B. Method)

The jar and wire basket tester is almost the same in principle as
the method mentioned above.

With this method a wire basket is kept in

side a jar with a clearance between the walls of the jar and the basket.
The hot slurry is placed inside the jar to half its capacity and sealed.
The jar is then rotated on a bottle mixer in a horizontal position.

As

the rotation continues, the slurry comes in contact with the wire re
peatedly.

This allows the rubber particles to plug the pores of the

wire due to their tackiness.
For this experiment a laboratory porcelain ball mill jar was used.
A cylindrical wire mesh basket (mesh size 16) was introduced inside the
jar.

Three liters of one percent rubber wood pulp slurry was heated to

90°C and then poured into the wire mesh basket.

The jar was closed and

allowed to rotate horizontally between two rotating rollers for four
hours.

The jar was then opened and drained of the pulp slurry.

The

wire basket was taken out and immersed in water to remove the fibers.
While wet, the cylinder was examined with a magnifying glass and the
particles deposited on the wire mesh were counted, (see Appendix VIII)
It was found that the R.C. method was easier to operate and there
fore, all the tackiness tests on the pulp slurries were carried out by
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this method.

Rubber wood pulp made by the three different processes,

kraft, SE kraft, and RH kraft were tested by the rotating cylinder
method.

The rubber particles sticking on the wire were examined under

a microscope and photographs taken.

Bleaching Experiments

Rubber wood pulp made by the kraft and RH kraft processes was
bleached in four stages.

The purpose of this experiment was to com

pare the bleachability of RH kraft pulp with regular kraft pulp.

All

bleaching was done in polyethylene bags and the final yield calculated.

Chlorination

A calculated amount of chlorine was added to the pulp and bleach
ed.

The pH was adjusted.

The bleaching conditions are given in Ap

pendix VIII.

Alkali Extraction

After chlorination the pulp was washed well in nylon bags.

It

was then alkali extracted under the conditions given in Appendix IX.

Hypochlorite Bleaching

The alkali extracted pulp was washed well and a calculated amount
of hypochlorite was added to the pulp.

The bleaching conditions are

given in Appendix X.
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Chlorine Dioxide Bleaching

The pulp was further bleached by chlorine dioxide.

A calculated

amount of sodium chlorite was dissolved in water, added to the pulp,
and then the pH was adjusted.
thoroughly.

The pulp after bleaching was washed

Pulp sheets were made in a Buchner funnel and the bright

ness measured.

The bleacting conditions were as given in Appendix XI.

The final yield and brightness (Elrepho) are tabulated (see Table
VI, page 4i ).

Flotation Experiments

The purpose of this investigation was to determine the possibi
lity of removing rubber particles from the pulp slurry.

The kraft

pulp sample and RH kraft pulp samples were studied by flotation.
A Fagergen Laboratory flotation machine was used.

In this unit

air was admitted to the slurry through a hollow, central, vertical
shaft which entered the pulp suspension from above.

Two sets of con

centrically arranged, vertical bars at the end of the shaft provided
the suction to draw in the air and to disperse it into the fiber-water
mixture.

The inne r set of bars rotated at a high speed while the

outer set remained stationary.

A pet-cock valve on the shaft was used

to control the amount of air entering the shaft and pulp suspension.
All flotation experiments were conducted on the brown stock at a
consistency of 0.8%.

Batch size experiments were conducted with 15 gm.

of O.D. pulp and 1875 ml. water.

Experiments were conducted with 0.5%

surfactive flotation agent based on the fiber content.

This was mixed
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with the fibers prior to commencing the flotation experiments.
The following flotation agents were investigated:
1.
2.

Neutral Calcium Petronate - Nonionic
Dow A.P. 30 - Anionic

It was found that five minutes of gentle mixing was benefical after
adding the flotation agent to the fiber slurry.
lasted 10 minutes in each experiment.

The flotation time

The pH was adjusted by adding

hydrochloric acid.
It was observed that in the case of Dow A.P. 30, a good number of
rubber particles were separated from the kraft pulp slurry but not
completely.

There were no rubber particles found in the foam of the

RH kraft pulp.
cases.

The Calcium Petronate was found ineffective in both

Since there is no adequate method of testing the presence of

rubber in the accepts, purification due to the flotation experiments
was difficult to determine.
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RESULTS AND DISCUSSION

Latex Distribution in Hevea Brasiliensis

The presence of latex in the bole of the rubber tree has not
been well documented.

Therefore, the first part of this study was

to determine the latex distribution in rubber wood.
cularly significant from the pulping standpoint.

This is parti

Scanning electron

microscope examination of different parts of the tree proved that the
latex is distributed not only in the cambium region but also in other
parts of the tree.
A transverse section of the cambium region of the rubber tree
was examined tinder a scanning electron microscope.

The entire sample

was scanned and it was found that several well defined latex con
taining vessels were present (see Figure 1).

Each vessel was composed

of sequential pockets called cell rows containing latex particles
which were interconnected by perforated membraneous walls (see Figure
2).

When these membranes break down, the cell rows are converted to

vessels due to the internal pressure released during tapping of the
tree.

This supports the findings of several workers (2-7) who have

studied the cambitm region and latex vessels.
Although the study of the cambium region has been well documented,
nothing has been published on the presence of latex in the bole of the
tree.

Therefore, the main objective of this study was to determine

the presence of latex in the bole and pith of the tree.

Several

sections of the bole of the rubber tree were studied by means of a

29
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scanning electron microscope.

This study included the transverse,

tangential, and radial sections of the bole of the tree.

Each sample

was completely scanned and several photographs were taken (see
Figures 3-11, page 55 ).

Each photograph clearly showed that latex

was present in the bole of the tree.

The latex particles found in the

bole were spherical in form with a diameter of from 5-10 microns.

A

magnified electron micrograph of an individual latex particle is given
(see Figure 11, page 71 ).

Slight distortions in size and shape of the

particles seen in the photographs may be due to expansion during the
vacuum process used in the gold shadowing
stress during drying of the latex.

of the sample or due to

Also some of the latex particles

could have been distorted due to compression during the microtoming of
the wood samples.

In general all the latex particles seen in the bole

of the tree agree with standard photographs of natural rubber latex.
They also resemble the particles seen in the cambium region.

Therefore,

it can be concluded that latex is present

in the bole of the tree.

quantity of latex present in this portion

of the tree may not be as

The

great as that in the cambium and bark, but the presence of such par
ticles definitely would create problems in pulping of the tree.
The pith of the tree was also studied and rubber particles were
found (see Figures 12-16, page 73 ).

It was noted that the latex found

in this region was smaller than the particles found in the bole, but
the shape was similar.

A magnified photograph of such a particle

found at the demarcation of wood and pith is given (see Figure 14,
page

77).

It is also of interest to note that the pith has no definite

structure (see Figure 13, page 75 ).

The demarcation of wood and pith
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can be clearly seen in the photograph (see Figure 12, page 73).

It

was difficult to differentiate latex particles in the pith region due
to their irregular structure; however, a few latex particles were lo
cated in this region.
Though several photographs were taken of the cambium, bole, and
pith of the tree, no attempt was made to explain them in terms of
botanical importance.

The main importance of this study was to esta

blish whether or not latex particles are present in the bole of the
tree.
An attempt was made to verify the electron micrograph findings of
latex in the bole of the tree by chemical methods.

For this purpose,

toluene extractives of the cambium region and bole of the rubber tree
were analyzed by infrared spectrophotometric methods.

The spectra

obtained were compared with a standard spectrum of pure natural rub
ber.

A very strong peak was found at 7.25 microns for both rubber

wood extractives which agrees with the standard spectrum (see Table
II, page 32).

Peaks for the extractives of cambium and bole of rub

ber wood were also found at 12.5 microns whereas the standard curve
shows a peak at 12.0 microns (see Table II, page 32).
spectra were very similar and comparable.

However, the

The slight shift may be due

to the fact that the wood extractives contained several other im
purities such as resins, lignins, etc.

Unfortunately there is no de

finite extraction methods for rubber from the wood sample without
contamination.

If the wood is pre-extracted with other solvents, they

may modify the rubber; therefore, pre-extraction methods could not be
employed.
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T a b le

I I

Infrared Spectrum Analysis of Extractives
Of Rubber Wood and Pulp

Samples

Hicrons

Microns

Natural Rubber
Standard Spectrum

7.25

12.0

Cambium Region

7.30

12.55

Bole

7.30

12.55

Kraft Pulp

7.28

11.95

RH Kraft Pulp

Note:

-

-

RH kraft pulp extract has no distinct absorption bands.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

In an infrared spectrum analysis of the kraft pulp of debarked
rubber wood, the spectrum matched the standard closely.

An attempt

was made to study the infrared spectrum of the extractives of RH
kraft pulp.

However, no spectrum for rubber was obtained for this

extractive.

This is believed to be due to the fact that the rubber

was hardened by the free sulphur present in the cooking liquor.

The

reaction with sulphur tend to convert rubber to solvent resistant
material.

Therefore, this insolubility is an indication that the

natural rubber is highly modified to hard rubber by cross linking
with sulphur.

Pulping of Rubber Wood

The purpose of this study was to find out an effective method of
using rubber wood as a raw material for pulp and paper making.

It

was found that the latex in the rubber wood cooked by the RH process
was vulcanized to hard, grainy particles.

Such particles would not

cause major problems of accumulation on the wires and other parts of
the paper making machines.
As control experiments, kraft pulping studies were conducted on
unbarked, debarked, and cambium-removed rubber wood.

It was quite

difficult to show that the latex particles in the pulp slurry accumu
late on the wires by a laboratory scale experiment.

Therefore, a

completely new test method was devised and by use of this method it
was shown that the latex particles present in the pulp slurry would
accumulate on a wire mesh (see Table III, page 34).

It can be seen
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T a b le

I I I

Yield and Tackiness Comparison
of Rubber Wood Kraft Pulp

Sample

Yield %
on Wood

Permanganate
Number

Tack Number
(R.C. Method)

Unbarked Rubber
Wood

42.5

18.5

16

Debarked Rubber
Wood

45.8

19.6

5

Cambium Removed
Rubber Wood

49.0

21.0

3

3% Latex Added
to Spruce Chips

34
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that several rubber particles are stuck on the wire due to their
tackiness.

However, the rubber particles present in this case are

exaggerated numbers since the pulp was made from unbarked wood and
therefore it has a larger quantity of rubber particles.
Another set of experiments was conducted by removing the bark
carefully and cooking with the kraft process.

The pulp slurry was

subjected to the tackiness test and it was found that a few latex
particles stuck on the wire mesh (see Table III, page 34).

However,

this was a smaller number by a factor of three than that of the pulp
made from unbarked rubber wood chips.

The particles were collected

from the wire mesh and tested physically.

It was found that the la

tex strands from the wire mesh were highly elastic, soft, and tacky.
The tack number was lower in the case of pulp made from debarked and
cambium removed rubber wood.

This is due to the fact that these re

gions contain a lower amount of rubber.
It was expected that the severness of the rubber accumulation
problem could be considerably reduced if the cambium region was care
fully removed.

This was based on the supposition that most of the

latex was distributed in the bark and cambium region.

Therefore, ex

periments were conducted by cooking the cambium-removed chips by the
kraft process.

This pulp was subjected to tackiness tests.

It was

found that a few particles were always tacked on the wire mesh on re
petition of the experiment (see Table II, page 32), but the particles
were small in size and were not strands.

The reject from screening

in all cases was found to contain rubber strands or particles, though
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the nature and amount of the strands varied from unbarked rubber wood
pulp to cambium-removed rubber wood pulp.
From the above experiments it may be concluded that the pulp made
by the kraf c process froc

;bber wood, whether barked, decambiumed, or

untreated would very likely produce latex accumulation problems in the
paper making process.

Photographs of the accumulated rubber strands

(see Figures 15-16, page 79 ) on the wire mesh indicate visually how
rubber particles can accumulate and plug the mesh.
Several pulping experiments on debarked rubber wood were conduct
ed by the RH kraft process.

It was found that the rubber particles

present in the pulp were hardened and were entirely different from
soft, tacky natural rubber.

The pulp was subjected to tackiness tests

and no rubber particles were detected accumulating on the wire mesh
(see Table IV, page 38 ).

To determine the optimum amount of Beutine

required several cooking experiments were conducted by adding varying
amounts of Beutine based on the rubber.

It was found that two percent

of Beutine was insufficient to harden the rubber.

Three percent of

Beutine or above was required to yield a pulp of zero tack number.
At a lower percentage addition of Beutine than three, a few particles
were found sticking on the wire mesh.

It was found that above three

percent Beutine addition no rubber particles were accumulated on the
wire mesh:

Moreover, the screen rejects did not show any rubber

particles.

This may be due to the fact that the hard rubber was bro

ken into smaller particles during the refining of the pulp.
To confirm the above experiments on the inodification of natural
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rubber into hard rubber by the RH kraft process, a series of experi
ments were conducted by cooking spruce wood chips under the same con
ditions to which three percent natural latex was added.

It was found

(see Table V, page 39 ) that above a three percent level of Beutine
addition, the rubber particles did not plug or accumulate on the wire
mesh.

It was observed that the rubber particles were modified into

hard grainy particles.

It is also of interest to note that there were

no rubber particles found in the screen rejects, though there was a
considerable amount of hard grainy particles before refining.

There

fore, it can be concluded that those rubber particles present in the
pulp before refining have been reduced in size by mechanical action so
that there were no rubber particles found in the rejects.
A few rubber particles from the above experiment were collected
and heated at 105°C for 2 hours.
brittle.

It was found that they became more

They were neither melted nor did they show any tackiness.

This indicates that even though the rubber particles remained in the
pulp after refining as very small particles, they would probably not
give major problems of sticking on the machinery during paper making
operations.

It is believed that the particles will remain in the

sheet as inert fillers and not be visible due to their small size.
Pilot plant or commercial paper manufacture will be needed to confirm
this.
Due to vulcanization the specific gravity of the rubber particles
would be substantially increased (29) and, therefore, centrifugal
cleaners may prove very effective in removing the particles.
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T a b le

IV

RH Kraft Pulping of Debarked Rubber Wood
The Effect of Beutine Concentration
(5% Sulfur in Liquor)

% Beutine on
Rubber

Tack Number
(R.C. Method)

Yield %
On Wood

P. No.

0

55.8

19.2

6

Soft Rubber
Particles

2

56.0

20.8

2

Soft Rubber
Particles

3

57.2

22.4

0

Hard Rubber
Particles

5

58.5

24.1

0

Very Hard,
Gritty
Particles

7

59.6

24.8

0

Very Hard,
Gritty
Particles

Observations
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T a b le

V

RH Kraft Pulping of Spruce Chips
Containing Three Percent Added Latex
The Effect of Beutine Concentration

% Beutine
on Rubber

Tack Number
(R.C. Method)

Physical Properties
of Rubber Particles

2

4

Soft

Soft Rubber
Particles Remained
in the Rejects on
Screening.

3

0

Hard

Few Rubber Parti
cles found in the
Screening Rejects.

5

0

Very Hard,
Grainy
Particles

No Rubber Parti
cles found in the
Screening Rejects.

7

0

Very Hard,
Grainy
Particles

No Rubber Parti
cles found in the
Screening Rejects

Remarks
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The pulp obtained by the RH kraft pulping of debarked rubber
wood was bleached in four stages and compared with the pulp from the
kraft process bleached by the same sequence.

Table VI shows that RH

kraft pulp bleachability and yield after bleaching are quite comparable
with that of the kraft pulp.
A major disadvantage of this process may be the high amount of
sulphur required.
very effective.

Also the recovery of the RH kraft liquor may not be
Moreover, the air pollution problem due to the use of

large amounts of sulphur is another concern.
A series of experiments were conducted to find out whether the
same hardening of rubber could be obtained by cooking the rubber wood
with SE liquor alone.

Table VII shows the effect of varying amounts

of sulphur percentages in the cooking liquor.

The pulp was then sub

jected to the tackiness test and it was found that rubber particles
stuck on the wire mesh to approximately the same degree as with kraft
pulping (see Table VII, page 42).

Figures 17-18, page 81 give

photomicrographic evidence for the deposition of rubber on the wire
mesh.
To confirm the above findings, pulp was made by SE kraft cooking
of spruce wood chips treated with three percent natural latex.

The

effect of varying amounts of sulphur in the SE liquor was studied.
Table VIII shows that the pulp from these experiments resulted in
accumulation of several rubber particles on the wire mesh.

Some of

the rubber particles were collected from the pulp and their physical
properties examined.
nature.

The rubber particles were gummy and elastic in

It was also found that the tackiness of the rubber remained
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T a b le V I

Yield and Brightness of the Bleached
Debarked Rubber Wood Pulp

Kraft Pulp

RH Kraft Pulp

Yield % (on Brown Pulp)

78.5

75.4

Yield % (on Wood)

35.1

43.5

Brightness

85.2

83.8
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T a b le

V II

SE Kraft Pulping of Debarked Rubber Wood
Effect of Sulphur in Cooking Liquor

% Sulphur in
Liquor

Yield %
on Wood

Permanganate
Number

Tack Number
(R.C. Method)

2

51.0

17.5

7

3

53.5

18.1

4

5

55.8

19.2

6

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

43

unchanged with varying amounts of sulphur in the SE kraft liquor.

It

should be pointed out that in the case of kraft pulping also the rub
ber particles remained tacky and elastic.
The effect of Beutine in the kraft pulping process is shown in
Table IX, page 45.

It was found that the presence of Beutine did not

modify the rubber into hard rubber.

The tackiness test showed that

rubber particles accumulated on the wire irrespective of Beutine con
centration in the kraft pulping.
To confirm the above experiment similar experiments were conducted
on three percent natural rubber latex added spruce chips cooked by
the same conditions.

Table X shows that the rubber particles in this

pulp plugged the wire mesh.

Physical examination of some of the rub

ber particles collected from the pulp showed that the agglomerated
rubber latex was soft and tacky.

Flotation Experiments on Rubber Wood Pulp

Flotation experiments were carried out on rubber wood pulp made
by the kraft and RH kraft processes.
used.

Two different surfactants were

One of them was Dow A.P. 30 with a very high molecular weight

synthetic water soluble polymer of anionic nature.

It was found that

the use of this polymer in separating the rubber particles from the
pulp slurry was partially effective.

In the case of the kraft pulp a

substantial amount of rubber particles were removed by flotation.
However, any estimate on the percentage of rubber removal from the
pulp slurry was not possible since there was no effective method to
estimate the quantity of rubber present in the pulp.

Rubber particles
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T a b le

V III

SE Kraft Pulping of Spruce Chips Containing
Three Percent Added Latex

% Sulphur in
Liquor

Tack
(R.C.

Number
Method)

Observations of
Rubber Particles

2

24

Gummy

3

20

Gummy

5

26

Gummy Coagulated
Lumps
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T a b le

IX

Kraft Pulping of Debarked Rubber Wood
In The Presence of Beutine
The Effect of Beutine Concentration

% Beutine
On Rubber

% Yield

Tack Number
(R.C. Method)

Remarks

2

47.0

8

Very Soft Elastic
Strands of Rubber

3

48.5

5

Very Soft Elastic
Strands of Rubber

5

50.2

9

Very Soft Elastic
Strands of Rubber

7

49.8

6

Very Soft Elastic
Strands of Rubber

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

46

T a b le X

Kraft Pulping of Spruce Chips Containing
Three Percent Added Latex
The Effect of Beutine Concentration

% Beutine
on Rubber

Tack Number
(R.C. Method)

2

30

Very Soft Elastic
Strands and Partially
Coagulated Rubber
Particles

3

38

Very Soft Elastic
Strands and Partially
Coagulated Rubber
Particles

5

26

Very Soft Elastic
Strands and Partially
Coagulated Rubber
Particles

7

40

Very Soft Elastic
Strands and Partially
Coagulated Rubber
Particles

Remarks
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were found in the accepts though relatively small in quantity.

In the

case of RH kraft pulp no rubber particles were removed by flotation.
This may be due to the fact that the hard rubber particles were heavier
and therefore more difficult to float.
Another surfactant used in the flotation experiment was neutral
calcium petronate, a nonionic surfactant.

It was totally ineffective

in the removal of rubber particles from both pulps.
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SUMMARY

Rubber wood can be pulped for pulp and paper without rubber accu
mulation problems by the RH kraft process.

By this process the latex

present in the wood is modified into hard rubber by vulcanization
during the cooking operation in the presence of free sulphur and ca
talysts such as Beutine and MgO.

It was found that three percent

Beutine was essential to modify the rubber into hard rubber during
cooking.

The rubber particles collected from the RH kraft pulp were

found hard and grainy.

Laboratory studies showed that the RH kraft

pulp would not cause any accumulation problems.

The accumulation of

these rubber particles in the pulp slurry was tested by a newly de
veloped tackiness test method and it was found that they would not
stick on wire mesh.

However, rubber wood pulping by the RH kraft

process in the absence of catalysts was totally ineffective in harden
ing the rubber.
It was found that the regular kraft pulping of rubber wood would
cause considerable rubber accumulation problems.

Kraft pulping of

rubber wood even after careful removal of the latex rich cambium re
gion showed that the pulp contains tacky rubber particles.

Centri-

cleaning methods were used to remove rubber particles from the rub
ber wood kraft pulp but they were found ineffective.

Froth flotation

of the rubber wood kraft pulp was only partially effective for the
removal of rubber particles from the pulp slurry.
A scanning electron microscope study of the rubber wood proved
that latex is distributed not only in the bark and cambium region but

48

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

49

also in the bole and pith of the tree.

This was further supported by

an infrared spectrum analysis of extractives from the cambium and bole
of the tree.
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CONCLUSIONS

1.

Rubber wood can be pulped effectively without rubber accumulation
problems by the RH kraft process (Rubber Hardening Kraft Process).

2.

The presence of free sulphur in the RH kraft liquor alone is
ineffective in hardening the rubber.

A minimum of three percent

Beutine catalyst is essential to modify the rubber into hard
rubber.
3.

Pulping of rubber wood by the regular kraft process would cause
rubber accumulation problems.

4.

The removal of latex rich bark and cambium and its pulping by the
kraft process did not solve the problem of rubber accumulation.

5.

Centricleaning methods for the removal of rubber particles from
the rubber wood kraft pulp were not effective.

6.

Froth flotation of the rubber wood kraft pulp for the removal of
rubber particles was only partially effective.

7.

Scanning electron microscope study proved that latex is distri
buted not only in the bark and cambium but also in the bole and
pith of the rubber wood.

8.

The above finding was further supported by infrared analysis of
the extractives of the cambium and bole of the tree.

9.

Pulp made by the RH kraft process is bleachable to a high
brightness.
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Figure 1

Transverse section of cambium showing articulated latex vessels and
rubber particles.

Scanning electron micrograph, X 832.
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Figure 2

A magnified portion of latex vessel in the transverse section of the
cambium.

Scanning electron micrography, X 4472.
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Figure 3

Transverse section of bole of Hevea showing cross-section of a vessel
segment (large diameter) and latex vessels (smaller diameters). Note
the thick transverse membranes in the latex vessel.

Scanning elect

ron micrograph, X 728.
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Figure 4

Transverse section of bole of Hevea showing thick membranes in the
latex vessel in contrast with a medullary ray.

Scanning electron

micrograph, X 2080.

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

59

Figure 5

Transverse section of bole of Hevea showing several latex vessels in
contrast with the medullary ray.

Scanning electron micrograph, X 754.
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Figure 6

Transverse section of bole of Hevea showing latex particles in con
trast with the latex vessel cell walls.

Scanning electron micro

graph, X 3770.
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Figure 7

Tangential section of bole of Hevea showing the latex vessels with
latex particles in relationship to fiber walls.

Scanning electron

micrograph, X 806.
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Figure 8

Tangential section of bole of Hevea showing the latex vessels with
membranes separating them.

Scanning electron micrograph, X 2015.
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Figure 9

Radial section of bole of Hevea showing latex vessels with latex.
Scanning electron micrograph, X 1430.
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Figure 10

A radial section of bole of Hevea showing latex vessels, a ray
(horizontal), and fibers (vertical).

Scanning electron micrograph,

X 832.
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Figure 11

A latex particle from the bole of Hevea.

Scanning electron micro

graph, X 21450.
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Figure 12

A radial section of the pith of Hevea showing the demarcation of pith
and xylem.

Scanning electron micrograph, X 858.
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Figure 13

A radial section of the pith of Hevea.

Scanning electron micrograph,

X 767.
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Figure 14

Scanning electron micrograph of a latex particle in the pith of Hevea.
Magnification, X 21450.
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Figures 15 and 16

Rubber strands accumulated on the wire mesh of the tackiness tester
from kraft rubber wood pulp.

Magnification, X 40.
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Figure 16
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Figure 17 and 18

Rubber strands accumulated on the wire mesh of the tackiness tester
from SE kraft rubber wood pulp.

Magnification, X 40.
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APPENDIX I

White Liquor Analysis

Compound

g/1 as Na2<J

Total Titratable Alkali

123.4

Active Alkali

1.08.5

Sodium Hydroxide

75.0

Sodium Carbonate

14.9

Sodium Sulphide

33.5

Effective Alkali

91.7

Sulphidity %

30.9
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APPENDIX II

Composition of HARTEX X-2B
Low-Ammonia Natural Latex

Total Solids, %

63.3

Dry Rubber Content, %

61.0
9.4

PH

(Courtesy of Firestone Company)
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APPENDIX III

of the copyright owner.

Kraft Pulping Conditions of Rubber Wood

Time At
Temp.
Temp.
°C
Minutes

Time At
Temp.
Minutes

Further reproduction

Wood to Liquor
Ratio

Chemical Charge
As Na20%

Unbarked Rubber Wood

1:4

22

170

30

90

Debarked Rubber Wood

1:4

22

170

30

90

Cambium Removed Rubber Wood

1:4

22

170

30

90

Sample

prohibited
without permission.
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APPENDIX IV

of the copyright owner.

Cooking Conditions for SE Kraft Pulping of Debarked Rubber Wood
Effect of Sulphur in Cooking Liquor

Further reproduction

% Sulphur in SE
Kraft Liquor

Wood to Liquor
Ratio

Chemical Charge as
Na20 %

Temp.
°C

Time At Temp.
Minutes

Time At Temp
Minutes

2

1:4

22

170

30

90

3

1:4

22

170

30

90

5

1:4

22

170

30

90
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without permission.
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APPENDIX V

of the copyright owner.

Cooking Conditions of RH Kraft Pulping of Debarked Rubber Wood
The Effect of Beutine Concentration

Further reproduction

% Beutine
on Rubber

% Sulphur
in Liquor

% Lime On
Rubber

% MgO on
Rubber

Wood To
Liquor
Ratio

Chemical
Charge
As Na£0%

Temp.
°C

Time At
Temp.
Minutes

Time At
Temp.
Minutes

prohibited

2

5

5

5

1:4

22

170

30

90

3

5

5

5

1:4

22

170

30

90

5

5

5

5

1:4

22

170

30

90

7

5

5

5

1:4

22

170

30

90

without permission.
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APPENDIX VI

of the copyright owner.

Cooking Conditions of Kraft Pulping of Debarked Rubber Wood in the Presence of Beutine
The Effect of Beutine Concentration

Further reproduction
prohibited

% Lime on
Rubber

% MgO on
Rubber

2

5

5

1:4

22

3

5

5

1:4

5

5

5

7

5

5

% Beutine
on Rubber

Wood to
Liquor
Ratio

Chemical
Charge
As Na20%

Time At
Temp.
Minutes

Time At
Temp.
Minutes

170

30

90

22

170

30

90

1:4

22

170

30

90

1:4

22

170

30

90

Temp.

without permission.
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oo
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APPENDIX VII

of the copyright owner.

A Comparative Study on the Tackiness Test Methods for Rubber Particles in a
Pulp Slurry

Further reproduction

Experiment Number

1

Sample

prohibited without permission.

Kraft Pulp from
1% Latex Added
Spruce Chips

Rotating Wire
Cylinder Method
(R.C. Method)

Jar and Wire Basket
Method
(J.B. Method)

Tack Number

Tack Number

8

6

2

II

6

9

3

II

10

5

A

II

6

8

38

42

5

Kraft Pulp from
3% Latex Added
Spruce Chips

6

ii

45

23

7

ii

41

18

8

it

37

34

90
APPENDIX VIII

Chlorination-Conditions

Kraft Pulp

PH
Time, min.
Chlorine as Active Cl2, %
Temperature
Consistency, %

RH Kraft Pulp

3.5

3.5

30.0

30.0

3.0

3.0

Room Temp.
3.0

Room Temp.
3.0
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APPENDIX IX

Alkali Extraction-Conditions

Kraft Pulp

RH Kraft Pulp

11.5

11.5

Alkali as NaOH
on O.D. pulp, %

3.0

3.0

Consistency, %

8.0

8.0

Temperature, °C

70.0

70.0

180.0

180.0

PH

Time, min.
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APPENDIX X

Hyp ochlorite Bleaching Conditions

Kraft Pulp

RH Kraft Pulp

pH

9.8

1C.0

Hypochlorite, %

2.5

2.5

Consistency,

%

8.0

8.0

Temperature,

°C

65.0

65.0

90.0

90.0

Time, min.
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APPENDIX XI

Chlorine Dioxide Bleaching Conditions

Kraft Pulp

RH Kraft Pulp

PH

3.5

3.6

C102» % on Pulp

0.5

0.5

Temperature, °C

70.0

70.0

180.0

180.0

8.0

8.0

Time, min.
Consistency, Z
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